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Abstract 
Introduction: Knowledge of the internal anatomy and apical foramen of a tooth has always been a 
fundamental prerequisite for root canal therapy. Aim of the present study was to evaluate the 
distance of apical foramen in relation to the anatomical apex of mandibular molars by cone beam 
computed tomography (CBCT) in a selected Iranian population. 
Material & Methods: In this cross- sectional study, 97 CBCT images of 25-50 years old 
patients were evaluated .the teeth were assessed in coronal plan. 
Results: Average (±SD) distance from apical foramen to the anatomical apex in the mesio-buccal 
and mesio-lingual, distal canal were [0.938 (±0.294)mm], [0.964 (±0.315)mm] and [0.982 
(±0.322)mm] respectively. No statistical difference was found  between right and left quadrant. 
Conclusion: This study demonstrated that 1mm distance from radiographic apex in mandibular 
molars could be appropriate for root canal therapy. 
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 رلوم یاه نادود رد هشیر کیموتاوآ سکپا هب تبسو لاکیپا هماروف هلصاف یسررب 
طسوت لبیدىم CBCT ناریا زا یتیعمج رد 
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هدیکچ 
همدقم:   : ٍشیر لبوبک یبَ نبمرد مبجوا زا لجق یسبسا یزبیو شیپ ناًىع ٍث ٌراًمَ همارًف لبکیپا ي ناذود یلخاد یمًتبوآ زا یَبگآ
.دًش یم ةًسحم رضبح ٍعلبطم زا فذَ ا ٍث تجسو لبکیپا همارًف ٍلصبف یسررث لجیذىم رلًم یبُواذودرد ٍشیر کیمًتبوآ سکپ
طسًت CBCT رد دًث یواریا تیعمج کی. 
مشور و داو اه: یفیصًت ٍعلبطم هیارد- یلیلحت  2۹ ریًصتCBCT   ناربمیث25-51  بَ ناذود .ذىتفرگ رارق یثبیزرا درًم ٍلبس
ذىتفرگ رارق یثبیزرا درًم یلبويرک عطبقمرد. 
اه هتفای: م فارحوا( هیگوبیملاًگىیلًیسم ،لبکبثًیسم ٍشیر رد ،ٍشیر کیمًتبوآ سکپا ٍث تجسو لبکیپا همارًف ٍلصبف )ربیع  ٍشیر ي
کیکفت ٍث لبتسید[0.964 (±0.315)mm] [0.938 (±0.294)mm],  و[0.982 (±0.322)mm] .دًث  یبُواذود رد
تشاذو دًجي یراد یىعم یربمآ تيبفت پچ ي تسار توارداًک. 
یریگ هجیتو: م هیارد ٍلصبف ٍکذش ٌداد نبشو ٍعلبط1 ٍشیر نبمرد یارث ذواًتیم هییبپ کف رلًم یبُواذودرد سکپا زا یرتمیلیم
ذشبث تسبىم. 
:یدیلك ناگژاو ،ناذود ٍشیر یطيرخم ٍعشابث یرتًیپمبک یفارگًمًت ،هییبپ کف 
 
Introduction 
A successful root canal therapy depends on a 
thorough knowledge of root morphology.[1] Sufficient 
cleaning , shaping and three dimensional obturation 
depend on our knowledge from the natural anatomy of 
the root canals and diversity of root canal shapes.
[2]
 the 
main goal in endodontic therapy is creation three 
dimensional apical and coronal seal.
[1]
 The words 
“Apex” and “Apical foramen” often replaced with 
eachother. However, anatomic apex is the tip or end of 
the root that is determined morphologically which is 
seen by conventional radiography but apical foramen is 
a natural opening or passage,especially into or through 
an alveolar bone,also describes openings in the root 
structure that communicate with the dental pulp and 
generally contain neural,vascular and connective  
tissues. 
[2]
 Apical foramen does not necessarily coincide  
 
with the anatomical apex, it can be located either 
mesial, distal, buccal or lingual in relation to the 
anatomic apex. 
[2]
 As Kuttler showed, apical foramen 
deviation does not exactly coincide with the apex. 
[3]
 
Anatomic landmarks of apical foramen are considered 
as extension limits for root canal instrumentation and 
obturation. The existing diversity in apical constriction 
and apical foramen could make the clinical diagnosis 
more complicated; however dentino-cemental junction 
is a histological landmark which cannot be diagnosed 
clinically. Radiographic apex does not coincide with 
anatomic apex .[4,5] Most of the apical foramen 
deviations are associated with aging and cement 
deposition. Deviation is also different in various types 
of teeth. Only in 1.5 percent of maxillary central 
incisors, apical foramen distance from the root apex is 1 
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mm, although apical foramen deviations in posterior 
teeth have been observed more. This deviation is 
attributed to further cement deposition in the apex of the 
posterior teeth as an adaptation toward more occlusal 
loads to compensate enamel attrition. With the 
exception of molars, the mean deviations of the apical 
foramen for maxillary and mandibular teeth have been 
reported as similar. The average distance between the 
apical foramen and anatomical apex is usually less than 
1 mm .
[1,5]
 
 In the past 30 years, different methods such as 
clearing, modeling, histological and radiographical 
methods have been used to evaluate the structure of a 
root canal. Some of radiographical methods obtain a 
two dimensional image of a three dimensional root 
canal. Therefore today various methods and 
technologies are being studied for observation of root 
canal. One of these technologies is cone beam computed 
tomography (CBCT) which gives us the ability to 
observe the entire canal in a three dimensional view 
without image distortion.
[6]
 Since apical foramen 
deviation from the apex is very common and in every 
race may be different and just a few studies have been 
done using CBCT; therefore the current research was 
done to determine apical foramen distance in relation to 
the anatomical apex of mandibular molars by cone-
beam computed tomography (CBCT). 
 
 
Materials & Methods 
 This was a retrospective cross-sectional study of 97 
CBCT images were selected of 25-50 years old patient 
(134 first and second mandibular molars) who were 
referred to Oral & maxillofacial radiology clinic in 
Babol city of Iran. This study was approved at the ethics 
committee of Babol University of medical sciences 
[mubabol.REC.1395.230]. Inclusion criteria of this 
study include: the mature of the first and second 
mandibular molars, non-existence of any previous 
maxillofacial trauma, no surgery or orthodontics 
treatment, complete recognizable apical foramens, 
absence of the apical resorption and non endodontically 
treated teeth.  
By the scans were obtained using a newtom 5G 
CBCT unit (Quantitative radiology SRL CO, Verona, 
Italy) with high resolution, FOV:8*12,KVP 90,mA 
6.the images were studied using NTT viewer software 
program (NTT software corporation, yokohama, japan) 
in the coronal view, a line was drawn from the apical 
foramen to the radiographic apex via 0.5 mm-thick 
sections, and this distance was measured. Furthermore 
distance from apical foramen to the radiographic apex 
was observed in axial,sagittal and coronal plans. All 
images were observed by the student, radiologist and a 
endodontist. Data was analyzed using SPSS v.20 
software and statistical analysis were done by the use of 
Wilcoxon test and t-test.  
 
 
Results 
Average (±SD) distance from apical foramen to the 
radiographic apex in the mesio-buccal canal (right and 
left quadrant) are shown in table-1. No statistical 
difference were observed the distance of the apical 
foramen to the radiographic apex between right and left 
quadrants. Also, avarage (±SD) distance of apical 
foramen to radiographic apex of mesiolingual root (right 
and left quadrant) are shown in table-1. According to 
the t-test no statistical difference was found in the 
distance of apical foramen to radiographic apex in right 
and left quadrants (p=0.648). Average (±SD) distance 
from the apical foramen to radiographic apex in distal 
canal (right quadrant and left quadrant) are shown in 
table-1. According to t-test, no statistical difference was 
found in the distance of apical foramen to radiographic 
apex between right and left quadrants (p=0.720).  
Table.1 Distance from apical foramen to anatomical apex of mandibular molar roots in right and left quadrants 
root side N Mean Std. Deviation Minimum Maximum P Value 
 
mesio-buccal 
R 66 .9348 .27596 .50 2.00  
0.970 L 66 .9424 .31382 .40 1.90 
 Total 132 .9386 .29439 .40 2.00 
mesio-lingual 
R 66 .9545 .33337 .50 2.10  
0.648 L 66 .9742 .29939 .40 2.10 
Total 132 .9644 .31578 .40 2.10 
distal 
R 67 .9731 .32314 .20 2.00  
0.720 L 67 .9910 .34410 .40 2.00 
Total 134 .9821 .33265 .20 2.00 
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Discussion 
In the present study, the mesio-buccal, mesio-lingual 
and distal canals mean distance (±SD) of the apical 
foramen from the radiographic root apex are reported 
as: 0.938 (±0.294) mm, 0.964 (±0.315) mm and 0.982 
(±0.332) mm respectively. Also no significant statistical 
differences were found between right and left quadrants.  
Akhlaghi et al. in exvivo study in a local Iranian 
population using India ink on mandibular second 
molarswere showed, mean (±SD) distance from the 
apex of the root apical foramen of the mesio-buccal was 
0.33 (±0.13) mm, in mesio-lingual  0.30 (±0.20) mm, in 
disto-lingual 0.47 (±0.31) mm and C- shaped 0.30 
(±0.15) mm. 
[7]
 India ink was used In this study which 
makes the evaluation method different than the present 
study.furthermore, The other reason for this difference 
can be owing to differences in various population. 
Cheung et al.  indicated the average distance of 
apical foramen from the radiographic apex at the C- 
shaped mandibular second molars root canals in a 
Chinese population is 0.89 mm in mesial and 0.79 mm 
in distal roots by using Micro-CT. 
[8]
 These researchers 
used micro-CT for their research purpose; however the 
results came out close to the current study which 
confirms our results. In another study by Martos et al. 
which was done by using a stereo microscope on 
mandibular molars of a Brazilian population; mean 
distance from anatomical apex to apical foramen was  
0.80 (±0.54) mm. 
[9]
 The study used a stereomicroscope 
for evaluation; however the results of our study is close 
to the present study which confirms our results.  
The similar results were gained in findings of the 
other researche. Jovanović-Medojević et al.showed that 
the maximum distance of the main opening from the 
apex of mesial root in first lower molar was 0.84 mm, 
and  for the distal root was 0.89 mm.
[10]
  
 
Conclusion 
This study demonstrated that the distance of apical 
foramen from the anatomic apex in the mandibular 
molars of a iranian population was approximately1mm 
and therefore, the process of cleaning, shaping and 
obturation should be terminated at this point.  
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